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ABSTRACT”]

‘f ’he Alaska SAR I;acility (AS1;) located at the Univcrsi(y of Alaska
F’airhank  ([JAI:)  has been in operations since 199 I serving as a kcy data
acquisition, proccssirrg,  archive ond distribution ccntcr for a nttmbcr  of polar
orbiting SAR (synthetic aperture radar) satellitm including };RS 1/2 and JIiRS- 1.
A mul[i-year upgmdc  cffor(  started in late 1994 has cnab]cd  ASF to handle
RADARSA’1’  data as WCII. In Scptcmbcr  1996, the first of two phases of
upgrade to the ASI; Radar Prmcssing  Systcm (RPS) was complctcd with the
introduction of RADARSA3’ standard beam and Scan SAR mode data
processing capahi[itics. The second phase of the upgrade was completed in
Scptcmbcr 1997 and added processing capahilitics for the cxtcndcd high beams
as W C]] as processing capabilities for Icfl-looking  beams taken for the
RADARSAI’  Antarctic Mapping Project  (RAhl P). As these additional
processing capabit it ics arc adctcd, the RI’S SAR pmccssors need to go through a
series of validatiotdvct- ificatirm proccsscs  to ensure tha( lhc associated products
meet performance specifications and therefore scicncc ncccts. This paper
cfescl-ibcs the various processors involved with the RADARSAT upgracle,  t}~c
vcri ficat ion process, and the nwasurcmcnt  results to-date.

INTRODUCTION

‘1’hc Alaska SAR Facility (ASIO,  situated at the University of Alaska at
Fairbanks, has been acquiring, processing, and archiving synthetic aperture radar
(SAR) data from a fleet of international polar orbiting satellites since 1991. It’s
support of the F.umpcan IRS-1 satellite [ I ] gradually expanded to include the
Japanese JERS- 1 and the I; LImpcan IiRS-2 as they came on-line [2]. Sta[ting in
late 1994, AS I; embarked cm a major upgrade effort [5, 16] to support the
RADARSAT satellite which was Iaunchcd in November 1995. RADARSAl’
[3] is a Canadian satellite that has onboard  an advanced SAR sensor capable of
ccrllccting data using a numhcr of ScanSAK  modes in actdition~f  to a wide ~
variety of crmvcntirma]  radar beams. ScanSAR modes are unique in their wide
swath capability of up to 500” km versus the typical 100 km from the
conventional beams. However, ScanSAR does pose a challcngc in terms of
maintaining acccptabic radiomctric fidelity in the image products.

‘1’hc research  dcscrihcd  in this paper was  cm icd ouI  by rhc Jet Propulsion I.ahorarory,  California
institute  of Technology, umkr  a contract  wi(h Ihc Natimml Aeronautic. and  Spxe Artnlini\[r.~!ion



‘1’0 accrrn~n~odaIc  RAI>ARSArl’,  ASF has upgraded its custom hardware
based Alaska SAR P1-occssor’  (ASP) to handle the seven standard hcams  (S’1’1
through S“1’7), introducmi  a ScanSAR processor (SSJ’)  [ 13] to process data
collcc~cd with the four ScanSAR modes (SWA, SWB, SNA, SNB), and added a
Prccisiorr Pmccssor  (PP) to handle all the non-ScanSAR mode data including
the seven standard hcams, seven cxtcndcd incidcncc angle hcams,  three wide
hcamwidth hcams, anti five fine resolution hcams. AS of Novcmhcr 1997,
image products of all seven standard hcanls prwduccd on the ASP have
complctcd validation and verification and all arc dc[crtnincd to meet product
specifications. “l’he ScanSAR beam SWB product fl-om the SSP has also
completed verification, and so have the Icft-  and right-looking standard S’12
hcams from the PP. ‘1’hc  following sections provide a brief description of the
SAR prmccssing systcm at ASI;, the processor/product vcrificatiorr  process,
mcasurcmcnt  and performance results, and the plan for completing the
verification of the remaining image hcandmodc products.

ASF RADARSAT PROCESSOR SYSIKM  OVERVIEW

A block diagram of the RAI)ARSA1’  Processing Systcm (RPS) [ 17] at
AS1; is dcpictccl in F’igurc 1. It consists of three SAK data processors, a data
conditioner, and a control processor. l’hc contro] processor (CP) provides all
processing joh control functions and is rcsponsihlc for dil-ccting and sequencing
the appropriate processing jobs for’ the data cmditioncr  and the SAR proccssms.
It also hosts a graphical user intcrfacc (GUI) to enable operator input and
intervention. The Raw Data Scanner (RDS)  is the data corrditioncr rcsponsib]c
for ingesting downlink KAI)ARSAI’  signal data rccordcd on either AMPEX
I}CRSi or SONY 11)-l media, pcrl<mning  data decoding and conditioning
functions, and staging the conditioned signal data on disks for subsequent
ingestion hy the SAR processors. The three RI’S SAR processors arc nmde up
of the Alaska SAR Pmccssor  (ASP), the ScanSAR Processor (SS1’) and the
Precision Processor (PP). ‘1’hc ASP is a cuslom-built hardware processor that
handles I~RS- 1/2 and JIUW-  1 before being updated to perform processing of
RADARSAI’ standard beams as well. ‘1’hc SS}’  is a software based processor
hosted on COTS (commercial off the shelf) hardware (specifically, the IBM
S!’2s)  dedicated to processing clata collcctcct in the four RAI>ARSAT ScanSAR
modes [ 13]. The PP is also a softwalc hascd processor which is co-hostccl on
the SSP platforms and is designed to handle the processing of the RADARSAT
standard, cxtcnclcd, wide and fine hcams.

RPS SAR PROCESSORS PERFORMANCE REQUIREMENTS

The RPS SAR processor/product performance arc responsive to scicncc
requirements [4] and arc categorized into three areas including, inlagc
pcrformancc, proccssir)g  throughput, and irnagc product format. The specific
performance rcquircmcnts  for the RAI)ARSA’I’  stanclard beams arc given in
Table 1. They arc applicahlc to both the ASP and the PP with exceptions as
noted in the table. l’he ScanSAR modes rcquircrncnts arc given in ‘1’able II.
These rcquircrncnts  arc applicable to the SS1’.
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I’able 1. Slandad  Beam Processing Rcquiremcnls.

MAGI: S} ’l:CI}’ICATIC)N
Pixel Spacing

12.5 m (full  resolution), 100 m (low rcsoltllion)
Impulse Respcmsc

4 looks
30 m nominal 3-dB resolution
-20 dB PS1.R (goal, no specific rcquircmcnt)
-13 dtl l-dimensional ISIJR

Cicolcrcalicm
500 III location accuracy, absolute

0.2% scale error
0.2 % skew error

Radiomctric
+/- 2 dt3 radiomclric error, absolute
+/- 1 dtl radiomctric error, relative

Ptlasc
+/- 3 dcgrccs Rh4S for H’ cmnplcx prxducts

[’t lROUCi}IF’U’I’
60 rninu[cs in a i6-hour day for ASP
7.5 minutes in a 5-hour day for ~’i’

IRODLJCI’  FORMAT
CEOS compliant



Tahlc 11. ScaIISAR  Mo(Ic P1-occssing  Rcquirmcnts.

MAGI;  SPIIIFICAI’1ON
Pixel Spacing

50/100 /400nl
Inlplllsc  Response

75 / 150/ 600 m nominal kill range molu[iorr
130 /150 / 600 m nominal 3-cIH rvinm~h rcsolu[irm
-20 LIB PSI.R (goal, no specific rcquircrncnl)
-13 dtt I-dirncnsional  lS1.R
-22 dtl a~irnuth  anlhigui[y ratio

Gcolocation
500 m Ioca[icm accuracy, absolute
0.2Yc scale error
0.2 % sk-w ert-or

Radiomc[ric
+/- 2 dtl rdiornctric  error, absolute
+/- 0.5 df3 radiomc(ric error, dative

[’t IROIJG}IF’LJ”I’
S1 minutes in a I l-hour day

‘ROD(ICT FORMA1’
CIiOS compliont

VERI IJICATION PROCESS

The verification process consists of establishing a number of calibration
sites, acquiring RADARSA’1” data over the sites in the various beams ancl
modes,  processing the dala  using the respective processo[-(s), making
performance mcasurcmcnts  on the resulting output products, ancl applying
adjustments to the processor(s) so that the appmprialc  performance
spccifica[ioos  can bc met.

Calibration Sites And I)ata Collection

Calibration sites arc selected based on a nttmbcr of criteria. Sites
populated with suitable point targets SLKb as corner reflectors and transponders
of known locations and characteristics arc well suited for impulse response and
gcolocation mcasurcmcn[s whereas sites containing homogeneous scenes such
as sea ice fields and tropical rain forests arc cxccllcnl for supporting ra(iiomctric
nlcasurcrncnts. For convenience of data accluisitim at ASI:, calibration sites
within the ASh’ rcccption  antenna mask are ckcmed most desirable. l;or
gcolocalion and impulse response verification, a calibration site maintained by
ASF at Delta Junction, Alaska is used. This site is equipped with upw:rrds  of
seventeen corner reflectors oriented to accon~modatc  both asccnciing  and
descending satellite passes. In addition, the two ASI:  reception antenna
themselves also prove to be valuable targm for geornc(ric and impulse response
evaluation purposes, especially for the relatively Iowcr resolution ScanSAR
mode images. F’or radimnctric n~casurcnwnts , sea ice fields in the neighboring
Bcaufort Sea is used whenever possible. However, clata collcctccl  over the



Amazon tropical rain forest is prcfcl-rcd  dLIC  to its better known ancl s table
characteristics. In lnos(  cases, required  calibration data arc collcctccl at ASF via
direct downlinks from the RAl)ARSA’I’  satellite. I;or data collcctcd over tbc
Amazon region, the data is first recorded on tbc on-board rccordcr  for
subsequent playback over ASII’. In a fcw cases, data arc collcctccl al other
grounci  stations around the wodd for shipment to ASl~.

In suppcmt  of the prclccssor/prcJclLlct verification work, a set ofdalalakcs
ovcreach  calihra(ion  site consistingo fc)l~c:t sccrl(ling:lrlcl”  oncclcsccnding pass is
required. In addition, a second set of datatakcs is also rcqucstcd over point
targctsitcs  sLlct~as I)clt:t Junctic)n fc)rlllcasLlrcl llclltc()llhrtllati()  rlpurI>osc.  ‘1’ah]c
111 and IV show the vcrifica[ion data passes collected for the nominal ~-igh-
lookirrg  standard beams and the ScanSAR  modes respectively.

Measurement Tools

A suite of tools contained in the Product Verification System (PVS)  [ 15,
18] is used to make mcasurcmcnts  of [he rcspcc(ivc  image products for
comparison against the specifications given in I’ahlcs 1 and 11 above. This suite
of tools is being refined as more experience is gained in the verification process.
It also includes a CEOS (Committee on I;arth Observing System) reader so that
mctadatacontaincd  inthc ir~~agcproclllctcarl  bcclccc)clccl arldctlcckcd asw,cll.

Product Measurements And Processor Tuning

l’hc verification data is first run through the rcspcctivc processor. l’hc
resul t ing image product is  Ihcn nleaSLIt-CCl  using 100]s contained in the  I’VS.
Pi-occssing  parameters in the prwccssor arc then tuned and any observed biases
removed until the image pcr-formancc  meets specifications for both the
ascending and dcsccndirlg  pass(cs).  Sonic of the prc)ccssor  parameters adjusted
to improved geolocation  and impulse response pcrforrnancc  include range pulse
timing for cross-track location adjustment, state vector timing for along track
location adjustment, and weighting functions for resolution and side-lobe
control. };or racliomctric tuning, antcnrla beam patterns proviclcd by the
Canadian Space Agency (CSA)  is used in conjunction with refined roll angle
information to compensate for the range antenna pattern nlodulation. I;or
ScanSAR  data processing, a novel approach [6- 12, 14] was devised to minimize
the along track intensity scalloping as well as cross track beam-to-bcanl
radiornctric  variation by refining the antenna pointing and tracking accuracy.

PROCESSOR PERk’ORMANCIl

I’hc processor/product verification of the RI’S processors is still an on-
going process. While the ASP has complctcd verification of all seven standard
RADARSAT beams, both the SS1’ ancl PP have just completed one bcamhnodc
each. The following subsections pertain to the rcspcctivc performance results
obtained thus far.



ASI’ Perfornlancc

‘J’hc ASl) has completed verification of all seven RAI)AKSAI’ s[amlard
beams. With pr<)ccssor adjusllncnts MCI tuning. all seven beams arc shown k)
mccl spccifica(ion  as il]us[ratcd in l’ab]c V. ‘J’hc only specification not Iis[cd at
this time is absolLItc  mliomc[ric  pcr[ormanw  which  will hc calibrated using
sccncs with well known backsca((cr  cbaractcristic such as tropical rain forest  and
winter sca ice.

SS1’ I’crformancc

‘1’hc  SS}} has complctcd  vcrillcati(m  of onc of four  RAIJARSA1’ ScanSAR
moclcs. I’hc S WI] pcrlot-mancc rcsulls for the 50 m and I 00 m gl-ound Iangc
prociuc(s arc simwn in “1’able VI, l’hc oniy spccificati(m  not Iistccl at this lime is
absolute miiomctric  performance which will bc ca!ibratcci using sccncs  with
wcii known backscattcr char-ac{cris~ic such as tr-rlpicirl rain foJcsI ami winter sea
ice. F’i.gurc 2 simws a reiwcscntalivc  gt(mrlci range SWB awcnciirlg  paw image
over Ibc Amamn  rcgi[~rl.

PI’ I’erformancc

‘1’hc  PI} has umplctcci  vet-iflcation of onc of seven RADAKSA’1’  nominai
ri.ght-iookin.g  standard beams. ‘J’hc S’1’2  beam performance rCSLll(S ar”c iiiusttatcci
in T’abic Vii. I’hc only spccificali(ms  noI Iistc(i at (his [imc arc (hc phase error
for the compicx im(iucis  an(i the absoiutc raciiomc[ric i>crlormancc which has
yet been caiibratcci using sccncs witi~ WCII  known hacka(tcr cbaractcris(ic  sucil
as lropical rain forcs(  ami winter sca ice.

SIJMJIARY AN1) S’1’A”l’[JS

‘1’hc  prt)ccssor/llrocillct”  vcrillca[itm  work on the R1’S SAR processors is on-
going, Calibration ciata in sui~p{wt  of this work is still hcing collcctcci, “1’hc  mosl
irnmcciialc  crnphasis is 10 iniliatc tbc vcrillcatioo  of the icf[-l(mking  s(andarxi
(S’1’2-7) ami cx(cmicci high (Ii}14)  hcams in support of RAMP (RAiJAKSA1’
Antarctic Mapi>ing PKjcco.  ‘1’his phaxc of’ (1)c work  is cxpcctcci to bc comi>ictcci
hy June of 1998. ‘1’hc nolninal Icf{-iooking stan(iarxi beams  on the PP is
cxpcctcci  to bc complctcd  by Sci>tcrubcr o f i  998, to hc followcci h} (bC

cornpiction  of ail cxtcmicci high beams in I)cccmbcr  of i 998. ‘1’hc  remaining
three Scar]SAR mo(ics arc aiso cxi>cctcd tc~ c(m]plctc vcl-ificati~)n by Ikccrnbcr-
of 1998.

l’hc authors wish (o thank t}~c Aiaska  SAK l~acility Projcc( for- suipr[in.g
tbc work  cicscl-ihc(i in this papct-.


